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SUMMARY

Recombination coefficients for nitrogen and oxygen atoms at metallic oxide
surfaces were determined over a small temperature range. The effect of a Tesla
discharge on the recombination heat transfer at some surfaces was also deter-
mined. The dissociated gases were generated by an 800-watt microwave generator,
and the recombination heat-transfer measurements were made electrically with
thermistors. The recombination coefficient measurements were made at oxide sur-~
faces of calcium, copper, chromium, germanium, iron, and zinc. The Tesla dis-
charge effect was determined at metallic surfaces of copper and iron and at
oxide surfaces of calcium, copper, iron, and zinec.

On a relative basis, the recombination coefficients for oxygen atoms at
these surfaces agreed with the results of other investigators. These oxygen
atom results could be correlated on an acid oxide - basic oxide mechanism. The
nitrogen atom results on these surfaces could not be explained by an acid
oxide - basic oxide mechanism, as was possible for the oxygen atom results. The
recombination coefficients were found to increase, decrease, or remaln constant
with increasing temperature, depending on the surface and the recombining atoms.

A Tesla coil discharge was found to have a large effect on the recombination
heat transfer. This effect always caused an 8- to l6-percent decrease in the
recombination heat transfer for oxygen atoms. For nitrogen atoms, the Tesla dis-
charge sometimes caused an increase and sometimes a decrease in the recombination
heat transfer. The largest increase was 6.4 percent, and the largest decrease
was 43.7 percent. The results of the Tesla discharge indicate that recombination
coefficient measurements may be affected by the discharge used to produce the
atoms.

INTRODUCT ION

Since the publication of the work by Linnett and Marsden in early 1856 on
oxygen atom recombinatlon at surfaces, numerous measurements have been made and



the results published on the recombination of hydrogen, oxygen, and nitrogen
atoms at surfaces (refs. 1 to 16). Some of these studies deal with the effect
of single crystals and surface preparation (refs. 8 and 15). Other investiga-
tors have made measurements on a number of different surfaces and used the
periodic table and the filling of the d-shell of the transition metals to help
explain their results (refs. 4 and 11). In addition, Greaves and Linnett were
able to correlate some of their results of oxygen atoms at oxide surfaces with
"geidity" or "alkalinity" of the oxide. They found that the less active sur-
faces form acidic oxides, and the more active surfaces form basic oxides.

A general mechanism for surface catalysis includes adsorption, desorption,
and surface diffusion of the active specles and the active sites provided by
the catalytic material (ref. 9). A number of workers observed that the gas
adsorption on some surfaces is affected when the gas is excited (ref. 17). A
weak Tesla coil discharge will greatly increase the rate of hydrogen adsorption
on zine oxide even after the surface is saturated with respect to the unexcited
gas (ref. 18). On the other hand, a weak Tesla coill discharge causes a decrease
in the rate of adsorption in an oxygen-iron system and a desorption in an
oxygen-copper system (ref. 19). Since adsorption and desorption are part of the
mechanism in catalysis, the nature of the discharge producing the dissociation
may therefore have an effect on the number of atoms recombining at the surface.

Recombination results for nitrogen and oxygen atoms at acidic and basic
oxide surfaces are presented in this report, and these results are compared with
the work of Greaves and Linnett. The oxides of six mebtals were tested: three
that form acidic oxides (chromium, germanium, and zinc) and three that form
basic oxides (calcium, copper, and iron).

Results on the effect of a Tesla coil discharge on the recombination heat
transfer with nitrogen and oxygen atoms are also presented in this report.
Measurements for this part of the work were made at surfaces of metallic copper
and iron and at surfaces of calcium oxide, copper oxide, iron oxide, and zinc
oxide.

APPARATUS

The apparatus used is shown schematically in figure 1. Tt is a modifica-
tion of that used in earlier work by this author (refs. 7 and 8). These modi-
fications include: (1) an 800-watt power generator for the discharge which
operates at 2450 megacycles per second; (2) a thermostatically controlled water
jacket around the discharge tube to give a range of surface temperatures; (3) a
porous catalytic disk, made of sintered glass painted with platinum paint, with
a reference or control probe downstream of this disk; and (4) an improved low-
flow valve for controlling the flow of the test gas.

The test gases used were commercial water-pumped nitrogen and oxygen. The
mass-flow rates are given in table I. These flow rates give a gas velocity
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Figure 1, - New atom-recombination unit.

Between'éSO to 360 centimeters per second for nitrogen and 190 to 300 centimeters
per second for oxygen, deperding on the gas pressure and temperature.

TABLE I. ~ TEST CONDITIONS

Test gas Oxygen Nitrogen
Test gas flow rate, g/min 0.196(0.349| 0.183| 0.326
Test pressure, mm Hg 1.7 2.5 1.7 2.5

Reynolds number per centimeter| 3.00] 5.29 2.82 4,91

Mass fraction of atoms 0.018]0.017{0.0079|0.0073

In this work the atom concentration of both the nitrogen stream and the oxy-
gen stream was required. The nitrogen atom concentration was determined by a gas
titration with nitric oxide (ref. 20), and the oxygen atom concentration was
determined by a gas titration with nitrogen dloxide (ref. 21). ‘Since nitrogen
dioxide is a corrosive gas, the flow rate of titrant gas at the end point of



the titrations was determined by a pressure-drop method in a completely glass
system. This method consists of measuring the pressure drop per unit time of a
known volume of titrant gas. The titration probe was a small-diameter stainless-
steel tube positioned at the axis of the discharge tube and pointed in an up-
stream direction. A commercially avallable low-flow valve was used to regulate
the flow of titrant gas.

Glass-bead thermilstors were used to measure recombination heat in a manner
similar to that used in reference 8. Thermistor resistances determined with an
automatically balancing Wheatstone bridge and the voltage across the bridge cir-
cuit were used for determining the recombination heat transfer (ref. 8). The
test thermistors replaced the titration probe after the completion of the gas
titration (fig. 1).

PROCEDURE

The determination of the recombination coefficient of a substance requires
both a gas titration for the atom concentration and recombination heat measure-
ments. The effect caused by a Tesla coil discharge only requires recombination
heat-transfer measurements with and without a Tesla coll discharge. Table I
lists the various test conditions used for these experiments.

Titration of Atoms

The nitrogen atom concentration was measured by a titration with nitric
oxide (ref. 20). The determination of the oxygen atom concentration involves
the reaction of oxygen atoms with nitrogen dioxide (ref. 21). The reactions
taking place during these titrations are:

0 + WO, — NO + Og (2)
NO + O ~ NOg + h o [Slow compared with reactions (1) and (2)] (3)

In both the determination of nitrogen atoms and oxygen atoms the light-
emitting reaction (eq. (3)) is the indicator for the end point of the titration.
In the titration for nitrogen atoms, reaction (1) takes place until the mole
flow of nitric oxide exceeds that of the nitrogen atoms; then the excess nitric
oxide reacts according to equation (3) with the oxygen atom produced during the
first reaction. Thus, the end point is indicated by the appearance of the emit-
ted light.

Things are a little different for the oxygen atom titration. As soon as
nitrogen dioxide is added to the stream containing oxygen atoms, the reactions
shown by equations (2) and (3) both take place, and light is emitted. When the
mole flow rate of nitrogen dioxide exceeds that of the oxygen atoms, the



light-emitting reaction (eq. (3)) can no longer take place because all the
oxygen atoms are consumed. Therefore, the end point for the oxygen titration
is reached when the emitted light disappears.

The titration for each of the test gases was carried out at one microwave
generator output power and two different gas flow rates and pressures. The
results are presented in table I. The No04 2 2NOs equilibrium was taken into
account in calculating the oxygen atom concentration (ref. 22).

Under the conditions of these experiments, the flow rate of the titrant
gases at the end point was quite small, less than 0.013 gram per minute for
nitrogen oxide and 0.007 gram per minute for nitrogen dioxide. Because of these
low flow rates, the precision of measuring the titration end points was no better
than 10 percent.

Recombination Heat Measurements

As was done in some earlier work, the recombination heat on a test surface
was determined by electrically measuring the difference in heat transfer to the
test surface and a noncatalytic surface with glass~bead thermistors (ref. 8).
This heat-transfer difference equals the heat released by surface recombination.
Glass was used as the noncatalytic standard because it is a poor catalyst for
both nitrogen and oxygen recombination (ref. 16).

For all the Tesla coil experiments, the Tesla coil discharge was turned
off and on several times before the heat-transfer data were taken. This was
done to make sure that any change in the recombination heat transfer was caused
by the Tesla coil discharge. The effect of the strength of the Tesla coil dis-
charge was measured by varying the input power to the Tesla coll from O to 25
watts. As a further check on the reality of the effect, Tesla coil discharge
tests were also made on all surfaces with the microwave generator turned off.

Temperature Measurements

The temperature of the test gas was varied over a 17° to 87° C temperature
range by varying the water temperature in the discharge tube water jacket. A
noncatalytic calibrated thermistor was used to measure the gas temperature.

Test surface temperatures were governed by the recombination coefficient
of the test material and by the water Jacket temperature. The variation of the
water jacket temperature provided at least a 30° C temperature range for the
test surfaces. The temperature of the test surface was determined from the
resistance of the coated test thermistor.

Surface temperature data for the Tesla discharge experiments followed the
same Tesla coil discharge-off and -on procedure described in the section en-
titled Recombination Heat Measurements.



Test Surface Preparation and Conditioning
The surfaces tested are listed in table II. A newly prepared surface was
made for each series of tests.
TABLE II. - TEST SURFACES FOR RECOMBINATION

COEFFICIENT MEASUREMENTS AWD TESLA

COIL TESTS
Test surface Recombination|Tesls
coefficient jcoil
measurement |test
Calcium oxide Yes Yes
Chromium oxide Yes Ko
Copper No Yes
Copper oxide Yes Yes

Germanium dioxide I (from oxida-
tion of vacuum-evaporated

germanium) Yes No
Germanium dioxide IT (from vacuum-

evaporated germanium dioxide) Yes No
Germanium monoxide® Yes No
Tron No Yes
Iron oxide Yes Yes
Zinc oxide Yes No

8For nitrogen atoms only.

The copper and iron surfaces were prepared by vacuum evaporation of thermo-
couple grade wire from a tungsten filament. The oxides of chromium, copper,
iron, and one of the germanium oxides (probably germanium dioxide) were prepared
by oxidation of the vacuum-evaporated metal surfaces. Films of copper and iron
were oxidized in a stream of oxygen at about 350° C. Higher temperatures were
used for oxidation of the chromium and germanium films. Vacuum evaporation of
germanium dioxide gave a surface that was probably germanium monoxide because of
partial decomposition of the dioxide on the hot tungsten filament. Germanium
monoxide was tested only with nitrogen atoms because a change in the color of
the surface indicated that oxygen atoms quickly oxidized the monoxide to the
dioxide. However, germanium dioxide formed by the oxidation of germanium mon-
oxide was tested as a separate surface. Germanium dioxide prepared from the
monoxide physically appeared to be a much thicker test surface than that pre-
pared by oxidizing the metal film. (For simplicity, germanium dioxide prepared
from oxidized germanium metal will be called germanium dioxide I, and germanium
oxide prepared from oxidized germanium monoxide will be called germanium
dioxide II.)



7ine oxide films were prepared by vacuum evaporation of zine oxide followed
by heating the surface to 350° C in an oxygen stream. This last step made sure
the surface was completely oxidized because some decomposition may have taken
place during the vacuum evaporation.

Evaporation of lime water on a test thermistor bead provided the calcium
oxide surface. This was followed by heating of the calcium oxide surface in the
oxidizing part of a bunsen flame.

Tests on the oxide surfaces were always preceded by about 3 hours of oxygen
atom bombardment. This was done to condition the test surface so that no sur-
face changes would take place during the experimental measurements (ref. 7).

For the calcium oxide surface, it was found that the atom bombardment had to
inelude at least 1 hour of bombardment with nitrogen atoms to prevent erratic
results. Erratic results mean that the oxygen atom data could not be repeated
after the nitrogen data were taken. After the initial atom bombardment of these
oxides, the recombination heat measurements were made. The oxygen atom tests
were made first, and then the tests with the nitrogen atoms were made. A re-
check of several points of the oxygen atom tests always followed the nitrogen
gtom tests to make sure the test surface did not change.

The conditioning of the two metallic surfaces, copper and iron, was done
with 3 hours of nitrogen atom bombardment, because oxygen atom bombardment would
oxidize the surface. TFor the same reason, the recombination heat-transfer meas-
urements were made first with nitrogen atoms and then with oxygen atoms. Data
for the oxygen atom tests on these two surfaces were taken rapidly before com-
plete oxidation of the surface was accomplished. No recheck of the nitrogen
atom tests was made with these surfaces because of observable surface oxidaticn.

Since it is important for comparisons that the nitrogen and oxygen atom re-
sults be for the same surface, all the tests on a given surface were completed
in 1 day.

CALCULATIONS

The recombination coefficient y 1is defined as

G 1
[ I ‘Y' = 2 (4:)
m
pe/ M_ "8 1+ G
ZaRT 1 + mg op '/'34— 2mg
27RT 1 + mg



Nu' = Gd = 2 + 0.6 Rel/2gc1/3 (5)
DDlz(mm - mgj

where

D12 binary diffusion coefficient

d test thermistor diameter

G net mass flux of atoms

g4 number of atoms striking unit surface per second
Ep number of atoms reflected from unit surface per second
M molecular weight of atoms

mg mass fraction of atoms at surface

m, mass fraction of atoms at stream

Nu' mass transfer Nusselt number

P pressure

R gas constant

Re Reynolds number

Sc Schmidt number

T surface temperature

o} gas density

The derivation of equation (4) is given in reference 8, and equation (5)
comes from reference 23, The binary diffusion coefficient Dy and the vis-
cosity used In calculating Sc and Re were determined from the alignment
charts in reference 24.

PRECTSION

The factor that has the greatest effect on the precision of the recombina-
tion coefficients is the precision of the gas titration. TFor the more catalytic
surfaces, the *10-percent reproducibility in the titration can cause the vari-
ation in the reproducibility of the recombination coefficient to be as high as
30 percent. Also, since glass is used as a noncatalyst reference, there could
be significant errors in the measurement of the recombination heat on the

L1



surfaces only slightly more catalytic than glass. When considering these and
cther less significant sources of error, it is felt that the precision of the
recombination coefficient results is no better than £30 percent. Other workers
also have found the percent deviation in their reported results to be quite high
(refs. 2 and 12).

It has been reported in the literature that in an electrodeless discharge
several percent of the active species consists of metastable oxygen in the
lpg  state, which has an energy of almost 1 ev (ref. 25). However, under the
conditions of the present experiment, the titration is still the biggest source
of error.

Because of the off-on technique described in the PROCEDURE section, the
recombination heat-transfer measurements for the Tesla discharge experiments
are quite precise. The voltage across the bridge circuit could be measured to
vetter than l-percent accuracy, and the thermistor resistance could be measured
to 1 ohm.

RESULTS
Recombination Coefficients

The results of the recombination coefficient measurements as a function of
temperature are shown in figure 2 for oxygen atoms and nitrogen atoms. The test
surfaces that were found to be gbout as noncatalytic as glass toward either of
the atomic species are listed in table III. The reference 4 results for oxygen
atoms with these same surfaces at room temperature are plotted in figure 2(a) 1if
they were found to be good catalysts or are listed in table III if they were
found to be poor catalysts.

TABLE ITI. - TEST SURFACES THAT ARE AS

NONCATATLYTIC AS A GLASS SURFACE

Test surface Recombining Reference 4
atoms value for
oxygen atoms

Chromium oxide Oxygen atoms 2.5x10"%
Germanium dioxide T |Oxygen atoms | 1.3x10™%
Germanium dloxide II | Nitrogen atoms| ---====-

Zine oxide® = =00 |eeemmmmmmeeaoo 4.4x107%

aAlthqugh in this work zinc oxide was not found
to be as noncatalytic as glass, it is placed
in this table to give published results of
ref. 4 for comparison.



Because the plotting of all the data points could cause figure Z to be con-
fusing, the data points for only one surface are plotted in each figure. In
figure 2(a) the points are for iron oxide; in figure 2(b) the points are for
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calcium oxide., Fach point is the average of two or three determinations. Since
reference 8 reports that the recomblnation coefficient 1s independent of pres-
sure and atom concentration, the lines were drawn between the points because the
three points to the right are for one set of pressure and atom concentration
conditions and the three points to the left are for another set (table I). It
can be seen quite clearly in figure 2(a) that the line drawn would be parallel
to the lines drawn through the points for each test condition. The reason for
this deviation is the *10-percent expected error in the gas titration.

: For the recombination of oxygen atom, it was found that, in general, the
order of catalytic activity is copper oxide > iron oxide > germanium dioxide II
> gine oxide > calcium oxide with both chromium oxide and germanium dioxide I
as the poorest catalysts (fig. 2(a) and table ITI). The activity of che four
best catalysts was found to decrease with increasing temperature. The activity

of calcium oxide did not change with temperature.

Germanium dioxide I was the only oxide found to be as poor a catalyst as
glass for nitrogen atoms (table ITI). In the temperature range tested, copper

10



oxide, zinc oxide, iron oxide, germanium dioxide ITI, and calcium oxide were
found to have roughly the same catalytic efficiency for nitrogen atoms

(fig. 2(b)), namely, about 2 to 9 percent. The efficlencies of germanium mon-
oxide and chromium oxide were intermediate in range, less than 1 percent. Un-
like the oxygen recombination results, most of the oxides show an increase in
the recombination coefficient with temperature for nitrogen atoms. Only copper
oxide and chromium oxide show a negative temperature dependence.

Effect of a Tesla Discharge
The effect caused by a maximum input power of 25 watts to the Tesla coll on

recombination heat transfer of the various surfaces tested is listed in table IV.

TABLE IV. - MAXIMUM PERCENT CHANGE IN RECOMBINATION

HEAT TRANSFER CAUSED BY A TESLA COIL DISCHARGE

Test surface Oxygen Nitrogen
1.7 mm Hg|2.5 mm Hg{l.7 mm Hg|2.5 mm Hg
test test test test
pressure, |pressure, | pressure, | pressure,
percent percent percent percent
Caleium oxide -9.1 -10.0 +3.5 +2.1
Copper -9.7 -14.5 -35.6 -17.0
Copper oxlde | -12.3 -18.4 -43.7 -23.0
Iron -10.1 -8.3 -33.3 -18.8
Tron oxide -14.6 -12.2 -30.2 -17.6
Zinc oxide -15.6 -16.5 +6.4 +2.4

The negative signs indicate a decrease in heat transfer; the positive signs in-
dicate an increase. The change in recombination heat transfer as a function of
the strength of the Tesla discharge 1s shown in figure B(a) for oxygen atoms and
in figure 3(b) for nitrogen atoms. This effect in recombination heat transfer
would affect the recombination coefficient by about the same amount. Since a
change in recombination heat transfer causes the test surface temperature to
change accordingly, the Tesla coil discharge also causes an effect on the sur-
face temperature (fig. 4). This surface temperature effect is important in the
?atalytig—differential probe technique for measuring atom concentrations

ref. 26).

The Tesla discharge in a stream contalning oxygen atoms always caused a

decrease in the recombination heat transfer. The degree of this decrease de-
pends on the surface and the pressure with measurements made at pressures of

11
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1.7 and 2.5 millimeters of mercury (table IV). The Tesla discharge effect on
caleium oxide and zinc oxide did not change much with increasing pressure. Cal-
cium oxide changed from -9.1 to -10.0 percent, and zinc oxide changed from -15.6
to -16.5 percent. Both copper and copper oxide showed a greater effect by the
Tesla discharge at the higher test pressure with copper varying from -9.7 to
-14.5 percent and copper oxide varying from -12.3 to 18.4 percent. On the other
hand, iron and iron oxide showed that the Tesls discharge had a greater effect
at the lower pressure with -10.1 percent against -8.3 percent for iron and

-14.6 percent against -12.2 percent for iron oxide. Sometimes the effect of the
discharge leveled off at a low input power to the Tesla coil (5.0 w for a zinc
surface and 10.0 w for a calcium oxide surface), and sometimes it continued to
increase with increasing input power (e.g., iron and iron oxide, figs. 3(a) and

4(a)).

With nitrogen atoms, the Tesla coil discharge always showed a greater
effect at the lower pressure (1.7 mm Hg) than at the higher pressure (2.5 mm Hg)
(table IV). An increase in recombination heat transfer was caused by the Tesla
discharge for nitrogen atoms at surfaces of zinc oxide and calcium oxide. How-
ever, as in the case for oxygen atoms, the Tesla discharge reduced the recombi-
nation of nitrogen atoms at surfaces of copper, copper oxide, iron, and iron
oxide. The increase in recombination heat transfer for the calcium oxide and
zine oxide was, respectively, +3.5 and +6.4 percent at the lower test pressure
and +2.1 and +2.4 percent at the higher test pressure. The greatest effect pro-
duced was the decrease in nitrogen atom recombination at a copper oxilde surface,
which was -43.7 percent at 1.7 millimeters of mercury and -23.0 percent at 2.5
millimeters of mercury. Rather large effects were also observed for surfaces of
copper (-35.6 and 17.0 percent), iron (-39.3 and 19.8 percent), and iron oxide
(-30.2 and -17.6 percent). A maximm effect of a Tesla discharge was observed
for zine oxide and caleium oxide when the input power to the Tesla coil was
nearly at its maximum of 25 watts (fig. 3(b)). The curves for iron oxide, irom,
copper, and copper oxide in figures 3(b) and 4(b) show that at the maximum Tesla
input power of 25 watts the effect of the Tesla discharge has not leveled off.

To make sure these Tesla discharge effects were not false electrical ef-
fects, qualitative measurements were made at each of the test surfaces on the
effect of the Tesla discharge in an undissociated gas. These measurements
showed that the Tesla discharge itself always caused a slight heating of the
test surface. Measurements with a time-of-flight mass spectrometer showed that
a Tesla coil discharge increased the atom concentration of a dissociated oxygen
or nitrogen stream by a factor of about 1.05. Consegquently, the heating of the
test surface caused by the Tesla discharge itself could be due to catalytic re-
combingtion at the surface.

To make the picture complete, qualitative measurements of the Tesla dis-
charge effect were made on glass, and some measurements with hydrogen atoms were
made on zinc oxide and copper oxide. The discharge had no effect on the glass
measurements with either nitrogen or oxygen as the test gas. For the hydrogen
atoms, both zinc oxide and copper oxide showed only a slight Increase in heat
transfer.

13



DISCUSSION OF RESUILTS

The relative order of catalytic efficiency for oxygen atoms in the present
results is copper oxide > iron oxide > germanium dioxide II > zinc oxide > cal-
cium oxide > chromium oxide and germanium dioxide I (fig. 2(a) and table III).
With the germanium oxide prepared from oxidized metallic germanium (germanium
dioxide I), these results compare, on a relative basis, quite well with those of
Greaves and Linnett (ref. 4). VWhen absclute numbers are compared, however, the
values of reference 4 are generally much lower than those presented here.

Hoenig, in his atomic beam studies of oxygen atom recombination (ref. 13), finds
that his measured recombination efficiencies are sometimes much higher than those
of other investigators. 1In reference 4 the recombination coefficients determined
by the side-arm method gave different results when a Wrede-Harteck gage measured
the atom concentration than when a thermocouple was used. For example, magne-
sium oxide had a ¥ value that was increased by a factor of 8 using the Wrede-
Harteck gage. On the other hand, y for lead oxide showed a factor of 9 de-
crease with the Wrede-Harteck gage.

These differences in the measured value of recombination coefficients by
the various investigators could be explained by the different experimental tech-
niques. However, a more probable explanation is a difference in the actual sur-
face tested. This surface variation is especilally likely for vacuum-evaporated
thin films (ref, 27). Reference 8 reports that a copper film 1 micron thick has
a Yy value three times that of a copper film 0.5 micron thick. In the present
work, the thicker germanium dioxide II film (which, by the color of the film,
appears to be the same oxide as germanium dioxide I) gave a y that was orders
of magnitude greater than that of germanium dioxide 1.

Figure 2(b) shows that nitrogen atom recombination at oxide surfaces is not
explained by Greaves and Linnett's mechanism of acidic and basic oxides. Neither
does the position of the metal in the periodic table nor the filling of the d-
shell explain these results. Only a general type mechanism including adsorption
and desorption, as proposed In reference 9, seems appropriate.

The germanium dioxide II surface is much more catalytic than the germanium
monoxide. Although the nitrogen atom y was only determined for the two oxides
of this one metal, these results do suggest a possible nitrogen-oxygen bond
mechanism for adsorption of niftrogen atoms.

fost of the surfaces showed an increase with temperature in catalytic
activity for nitrogen atom recombination (fig. 2(b). Other workers, in general,
have also reported that the catalytic efficiencies of surfaces either increase
with temperature or remain constant (refs. 8, 9, 10, and 12). The results for
nitrogen atoms at two of the test surfaces and oxygen atoms at most of the test
surfaces showed a decrease in y with temperature (fig. 2). Most other inves-
tigators have not observed such a decrease in catalytic activity with in-
creasing temperature. Reference 1 did observe this effect with a catalytic
thermocouple probe. This effect was also observed in reference 12 with hydrogen



at some of the surfaces tested; however, this effect was attributed to a change
in the surface by poisoning of the surface or dissolving of the hydrogen by the
surface.

The fact that the catalybic efficiencies of surfaces can increase, decrease,
or remain constant with increasing temperature suggests that the overall effect
of temperature on adsorption of atoms, desorption of atoms, and desorption of
recombined molecules is the important factor. In other words, the temperature
effect 1s not simply a direct effect on the rate of the recombination reaction
itself.

The reduction in catalytic activity caused by a Tesla discharge (figs. 3
and 4) and the Tesla discharge effects on surface adsorption (refs. 18 and 19)
further indicate the importance of adsorption and desorption on the recombina-
tion coefficient. The increase in recombination heat of nitrogen atoms at sur-
faces of zinc oxide or calcium oxide could be caused by the increased atom con-
centration. However, a decrease in the desorption rate of adsorbed atoms or an
increase in the desorption rate of recombined molecules should not be ruled out.

If the adsorption results reported in reference 18 are considered, the qual-
itative results on the effect of a Tesla discharge on hydrogen recombination heat
transfer at surfaces were not anticipated. One explanation could be that the
Tesla discharge decreases the rate of desorption of recombined hydrogen without
affecting the chemisorption kinetics of the hydrogen atoms.

From the Tesla discharge results, it seems possible that the nature of the
discharge producing a dissociated gas for surface recombination studies can
affect the results. At radio frequencies the spreading of the discharge indi-
cates the existence of ions similar to those produced by a Tesla discharge.
Since the frequencies of the discharges used by the various investigators are
almost as numerous as the investigators, some of the discrepancies among the
published results may be caused by this poorly understood and previously unrec-
ognized variable.

CONCLUSTIONS

Recombination coefficient measurements at the surface of some metallic
oxides were determined for nitrogen and oxygen atoms. Also, the effect of a
Tesla coil discharge on recombination heat transfer was determined. The fol-
lowing conclusions were reached:

1. Nitrogen atom recombination at oxide surfaces cannot be explained by an
acidic - basic oxide mechanism successfully invoked for oxygen-atom recombina-
tion. Neither does the periodic table nor the filling of the d-shell for the
transition metals explain the nitrogen atom results.

2. The recombination efficiency of a surface may increase, decrease, or

remain constant with increasing temperature. The kinetics of the chemisorption
processes will determine the temperature effect.
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3. A Tesla coll discharge affects the number of atoms recombining at a sur-

face. The degree and direction of this effect depend on the surface and type of
atoms.

4. The thickness of an evaporated film of test material and the nature of

the discharge producing the dissociated test gas are important in surface catal-
ysis and may strongly influence measured recombination efficiencies.

Lewis Research Center
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